PLASMA PROTEIN METABOLISM—ELECTROPHORETIC STUDIES : RESTORATION OF CIRCULATING PROTEINS FOLLOWING ACUTE DEPLETION BY PLASMAPHERESIS by Zeldis, L. J. & Alling, E. L.
PLASMA PROTEIN METABOLISM--ELECTROI'HORETIC STUDIES 
~ESTORATIOlq O~  CIRCULATING  PROTEINS FOLLOWING ACUTE 
DEPLETION BY  PLASMAPHERESIS 
BY L. J. ZELDIS,  M.D., AND E.  L.  AILING, M.D. 
(From the Departments of Pathology and  Radiology, The  University of Rochester 
School of Medicine and Dentistry, Rochester, New York) 
(Received for publication,  March 3,  1945) 
This paper  reports  the  investigation by electrophoresis of the pattern  of 
plasma  protein  regeneration  which  occurs  in  dogs  that  have  been  acutely 
depleted of their plasma proteins, within a few minutes, that is to say.  This 
acute depletion is accomplished by massive bleeding with simultaneous return 
of washed red  cells--plasmapheresis  (1).  It is known that in the previously 
normal fasting dog sufficient protein  for  the  restoration  of the  lost plasma 
protein appears in the circulation within a few days (25), some of it within a few 
minutes (31).  It must come from the tissues, no doubt mostly from within 
ceils (35). 
The pattern of plasma protein replacement from tissue protein as observed 
by electrophoretic analysis in this report suggests that in acute plasma protein 
depletion the tissue  protein  reserves support the regeneration  of all electrophoretic 
fractions  of the plasma.  In the initial phase  the tissues during fasting yield 
albumin and total globulins in about the proportions present in normal plasma. 
However, in the later phase of recovery the feeding of liver is accompanied by a 
more rapid restoration of globufins. 
Alpha and beta globulin peaks appear both relatively and absolutely increased 
during the  early portion of the recovery period,  regaining their initial con- 
centrations at a rate which suggests an especially rapid formation from tissue 
reserves as well as a rapid synthesis from dietary protein. 
Complete  restoration  of  normal  albumin  values  following a  single  large 
bleeding is found to proceed at a  very slow rate even in the presence of an 
adequate  but  moderate  protein  intake.  Marked  alterations of  the  typical 
response are noted in a dog which had an unsuspected cholangitis and hepatitis 
and in a dog in which a hemolytic reaction occurred. 
Presence in the well nourished  animal  of reserves of protein or protein-building 
materials was suggested by Morawitz (25) and has been repeatedly demonstrated in 
this laboratory and others  (3, 23).  Under a variety of experimental conditions  in- 
eluding acute plasmapheresis (31) such reserves are mobilized into the plasma during 
the correction  of hypoproteinemia.  Whipple and others  have shown that plasma 
proteins  are utilized  by the protein-fasting  dog to support cellular metabolism and 
maintain nitrogen balance  (12).  The  concept  of a  dynamic equilibrium  between 
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tissue reserves on the one hand and plasma proteins on the other has been formulated 
to explain such observations (23,  34,  35).  This concept pictures cellular protein as 
consisting, in a  physiological sense, of three portions--an indispensable fraction,  a 
dispensable fraction,  and  a  labile fraction  (34).  The latter portion is believed to 
represent a readily available source of needed plasma protein in the hypoproteinemic 
animal.  Operation of this  equilibrium  and  the draining  and  replenishment of dis- 
pensable fractions have been frequently observed in this laboratory (23).  Rittenberg, 
Schoenheimer,  and  others  (27,  28)  have  reported  excellent  evidence for the  rapid 
interchange of tissue and plasma proteins, and have found varying planes of metabolic 
activity among  body proteins. 
Some information is available regarding the size of reserve stores.  Madden and 
Whipple (23) in reviewing their data, find that the tissues of a fasting dog may furnish 
to the plasma in acute depletion an amount of protein equal to 40 to 60 per cent of the 
original eirculating protein.  In more prolonged depletion experiments they find evi- 
dence that the total reserve stores comprise a pool from which may be formed a quan- 
tity of plasma protein equal to one or two times that normally circulating in a  well 
nourished dog.  Cutting and Cutter (6) have found that the acutely depleted fasting 
rat may regenerate 40 per cent of its plasma proteins in 12 hours or less. 
Little is known,  however,  concerning  the  chemical  nature of tissue reserves.  In 
anesthetized dogs subjected to hemorrhagic shock, Ebert, Stead, and others (8) were 
unable to find evidence of a store of preformed reserve plasma protein.  Madden and 
Whipple (23) have suggested that the rate of restoration of plasma proteins following 
acute depletion  (31)  indicates that the greater bulk of the reserve does not exist as 
preformed plasma protein nor as material more easily converted into plasma protein 
than orally ingested protein.  They find some evidence to indicate that the reserve 
may yield albumin,  as determined  by Howe's method  of fractionation,  in  slightly 
greater abundance than globulin, perhaps 10 per cent greater.  Borsook and Keighley 
(4) in a  review of their own and other data, however, concluded that reserves of ni- 
trogenous materials exist as preformed protein of some sort.  Little succes~ has been 
met in attempts to distinguish by chemical means a tissue protein or proteins which 
might enjoy a distinctive position as reserve or stored protein.  Luck (21) in reviewing 
considerable  data  on the fractionation  of liver proteins,  finds that  either no single 
protein in the liver enjoys exclusively the  status of a storage protein or that a  sutfi- 
cieraly labile balance exists among liver proteins  to overcome quickly by conversion 
of one protein into others any disturbance of equilibrimn. 
Use of the electrophoretic apparatus of Tiselius (33) as modified and adapted 
by Longsworth  (16,  17)  has  proved  valuable  in  studying  alterations  in  the 
blood  proteins  in  a  number  of disease  states  (10,  11,  18,  20).  The  present 
experiments have been undertaken  primarily to study the utilization  of tissue 
reserves  and  of dietary  protein  in  the  correction  of acute  hypoproteinemia. 
Such  simple  experimental  procedures  may,  however,  prove  helpful  in  inter- 
preting  the  complex  electrophoretic  changes  in  plasma  proteins  in  various 
pathological conditions. 
It must be emphasized that electrophoresis identifies proteins or groups of proteins 
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and gives information concerning their concentrations only as a function of their spe- 
cific refractive increments (15).  There is good reason to believe, however, that the 
gentler process of electrophoresis may identify protein fractions of less artificial nature 
than those isolated by the more drastic chemical fractionations (33).  The physiolog- 
ical  significance  of  plasma  fractions  of  known  electrophoretic  composition  is  at 
present being intensively studied by Cohn and his associates (5) and is already perhaps 
better understood than is that of the various fractions which can be separated by the 
usual salt precipitation methods. 
General  Methods 
All dogs were adult animals which were protected against distemper by the Laidlaw-Duncan 
vaccine.  Preceding the experiments, unless otherwise noted in the individual experimental 
histories, the dogs received a kennel diet consisting of table scraps to which a supplement of 
cooked liver was added.  On the day of the acute depletion procedure, a  suspension of red 
cells in modified Locke's solution (22)  was prepared, with precautions for asepsis, by centri- 
fuging and siphoning the plasma from the eitrated blood of large donor dogs.  It was not 
found necessary to wash the red cells before suspension, since the protein content of super- 
natant fluid from centrifuged samples of unwashed red cell suspensions was found to average 
only about 50 rag. per cent.  The hematocrit value of this suspension was adjusted to ap- 
proximately 55 volumes per cent. 
The  experimental dogs  were  fasted for  at  least  12  hours before plasmapheresis.  The 
femoral artery and vein were cannulated under local anesthesia, using precautions for asepsis. 
Large calibre glass cannulas were used.  A slow drip of sterile normal saline was introduced by 
gravity into the venous cannula while the arterial cannula was inserted.  An initial sample of 
about 45 cc. of blood was then collected from the artery.  Arterial blood was then permitted 
to run freely from the cannula and collected in large flasks calibrated at 50 cc.  intervals. 
Simultaneously the red cell-Locke's suspension was run into the venous cannula from a sim- 
ilarly calibrated bottle under pressure from a bulb syringe.  Rates of bleeding and infusion 
were so adjusted that the blood removed and the suspension introduced were at all times 
within 25 cc.  of equality.  The total bleeding varied from 50 to  190 per cent of the blood 
volume as indicated in the experimental histories, and was determined by the apparent con- 
clifton of the dog,  being discontinued with the appearance of any sign of shock.  Bleeding 
time varied from 7 to 32 minutes.  Either at the end of the exchange or 5 minutes afterward 
a  45 cc.  sample was collected separately from the arterial cannula for analysis.  The artery 
and vein were then ligated and the wound closed with silk sutures, a little sulfadiazine powder 
being introduced.  The dogs were then placed in metabolism cages and given water ad libitum. 
They were fasted for 24 hours, then fed a liver basal diet which supplied 80 calories and 2 gin. 
of protein per kilo of body weight per day.  This diet consisted of the following ingredients: 
cooked pork liver, 41.3 per cent; dextrose, 31.0 per cent; corn starch, 12.4 per cent; corn oil, 
12.4 per cent; cod liver oil,  1.4 per cent; dried yeast powder  (Fleischmann's type 200-B), 
0.4 per cent; powdered liver extract (Lilly H8083), 0.4 per cent; Wesson's salt mixture (22), 
0.7 per cent.  To each diet were added daily supplements of nicotinic acid, 0.3 gin.; choline 
hydrochioride, 0.6 gm.; inositol, 0.2 gm.  The calorie composition was protein, 15 per cent; 
carbohydrate,  50 per cent; fat, 35 per cent. 
All subsequent blood samples, usually about 45 cc., were  drawn from the jugular vein 
without stasis, and after the first day were collected from 12 to 16 hours after feeding.  Dried 
potassium oxalate in a  concentration of 250 rag. per 100 cc. of whole blood was used as an- 
ticoagulant.  Samples were usually allowed to stand for at least one-half hour at room  tem- 
perature and were then centrifuged for 35 minutes at 3500 R.P.~.  Aliquots of the plasma were 
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bumin-globulin fractionation  was  performed  by  the  method  of Howe  (14).  Non-protein 
nitrogen was determined by the method of Greenwald (26) and used for suitable correction of 
the protein concentrations.  The conventional factor of 6.25 was used in the calculation of 
protein  concentration from protein nitrogen values. 
JElectrophorelic Methods.--Aliquots for electrophoresis were stored at 2°C.  until analyzed, 
usually within 1 to 4 days.  In all samples 1 volume of plasma was diluted with 1 volume of 
buffer.  By the use of a Visldng sausage casing of su.flficient  length to contain three times the 
volume of diluted plasma and by employing a mechanical rocker in the refrigerator, dialysis 
at 2°C. for 16 hours against 2 liters of veronal buffer of pH 8.5 and ionic strength 0.1 was found 
to bring the conductivity to an essentially constant level.  Control experiments with different 
portions of the same plasma dialyzed without rocking for 48 and 60 hours showed no change in 
the electrophoretic patterns or in the mobflities of the components.  To avoid errors due to 
volume changes during dialysis, the volumes before and after dialysis were compared.  Longs- 
worth (15) has discussed  the advantages of using veronal buffer of pH 8.6 and ionic strength 
0.1 for the electrophoresis of human plasmas, and has described the appearance of an additional 
alpha globulin, alpha 1, in human plasma at this pH.  After trying various buffers, we find a 
similar veronal buffer most suitable for the electrophoresis of dog plasma.  Our buffer, made 
up without special precautions, has a pH of 8.5-4-0.03.  Using this buffer,  the alpha 2 com- 
ponents of human plasma frequently show partial splitting, indicating that there are probably 
3 alpha globulins in htmaan plasma.  In normal dog plasma the alpha globulins occur in such 
low concentrations that the small density gradients render the peaks susceptible to minor 
electroosmotic eddies and slight convection disturbances.  In the plasmas of hypoproteinemic 
dogs, the alpha peaks are larger, and it is often quite obvious that they are four in number. 
The fourth peak, however, is frequently very closely associated with the beta globulin, and if 
one prefers, the peak we call alpha 4 may be termed beta 1 and the next slower component 
beta 2. 
Electrophoresis was carried  out at I°C.  in the standard 11 ml. single  section  Tiselius  cell 
with a  potential gradient of 6.8 volts per cm.  The time was 3 hours.  Patterns were pho- 
tographed by the use of Longsworth's modification of the Toepler schlieren method  (17). 
Photographic enlargements (X 2.2) were made of the plates and the areas of the peaks meas- 
ured with a  pianimeter.  In the electrophoresis of dog plasma at this pH there is rather poor 
separation  of the beta,  fibrinogen, and  gamma peaks.  Although the separation  of these 
components was often better in the ascending limb of the cell, the descending boundaries were 
used for purposes of measurement except in the case of the beta globulin, where the ascending 
boundary was measured in accordance with the suggestion of Moore and Lynn (24). 
In separating the various peaks for measurement, perpendiculars were dropped to the base 
line from the points of inflection of the curves with the exception of the fibrinogen and gamma 
peaks.  At the intersection of these two peaks, the slopes are so different that~this procedure 
would introduce  a  serious error.  Hence the procedure of PederSen  (32)  was used on the 
assumption that the epsilon boundary anomaly and the gamma peak are represented by sym- 
metrical curves.  This is not entirely satisfactory since there is usually uncertainty in locating 
the maximum ordinate of the gamma peak.  The junction of the alpha 1 and albumin peaks is 
somewhat variable, so that an arbitrary but consistent procedure was used.  The trailing edge 
of the albumin peak was continued in a symmetrical fashion to the base line and the alpha i 
peak measured between this curve and the neighboring perpendicular.  Since the separation 
of the individual alpha peaks is quite arbitrary and since these components appear to vary 
simultaneously in the present experiments, we have in the following tables not listed these 
components separately but have included as a single component all those fractions migrating 
between the albumin and beta globulin peaks. 
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same dog.  Serum patterns still  showed a so called fibrinogen peak, but its area was reduced by 
a variable amount when compared with the corresponding peak in the plasma pattern.  The 
addition of an excess of thrombin to one of these serum samples did not produce any more 
fibrin, so that it seems probable that a large portion of this peak is contributed by adjacent 
components.  All concentrations given for fibrinogen are therefore too high, and some of the 
changes in fibrinogen concentration are due in part to changes in other components, probably 
beta or gamma globulins. 
EXPERIMENTAL  OBSERVATIONS 
Estimates  have been  made of the magnitude  of some  of the uncertainties 
introduced  by  the  above  considerations.  It  has  been  found  that  repeated 
planimetry by different observers on the same photographic enlargement with 
TABLE  1 
Variation of Planimetry Measurement by Drawing Peaks at Possible Extremes of Interpretation* 
Component 
Mbumin. 
t,. 
Y. 
Total. 
Usual definition 
Per cent of 
Area  total area 
planifaeler  per cent 
units 
12.5  38.0 
10.2  31.1 
2.8  8.5 
2.9  8.9 
4.4  13.5 
32.8  100.0 
Smaller definition 
Area  Per cent of 
total area 
planlmeter 
units  per cent 
12.0  38.1 
10.2  32.2 
2.2  6.9 
3.5  11.0 
3.7  11.8 
31.6  ["  100.0 
Larger definition 
Per cent of 
Ares  total area 
plaulmeter  per cent 
units 
12.8  38.2 
9.8  29.1 
3.0  9.1 
3.0  9.1 
4.8  14.4 
33.4  99.9 
* In this and all following tables B peaks are measured on ascending boundaries. 
All other peaks are measured on descending  boundaries. 
the peaks drawn in the manner described yields results which agree within +2 
per cent  for individual peaks and  total area.  In  Table  1 are shown  results 
obtained by deliberately drawing the peaks on a  given enlargement in such a 
way as to introduce the greatest reasonable error of interpretation.  It will be 
noted that the maximum divergence is encountered in defining the areas of the 
beta,  fibrinogen,  and  gamma  peaks  while  lesser  errors  are  involved  in  the 
measurement of albumin and alpha globulins.  In practice, the variations are 
considerably smaller than  those indicated in Table  1 since a  standardized in- 
terpretation of the peak limits is used and since in a given dog the peaks tend to 
retain somewhat the same shape and relationships. 
The uncertainties, due to lack of knowledge of specific refractive increments, 
involved in the conversion of electrophoretic areas to more conventional con- 
centration  expressions  have  been  discussed  by  Longsworth  (15).  In  the 
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applying to the enlarged patterns of a  group of normal dogs the followingem- 
pirical relationship: 
2Ak 
.E*' 
where C is the concentration in grams per cent, 
A  is the total planimeter area of the pattern, 
E  is the enlargement factor, 
2 is the dilution factor, and 
k is a constant. 
When C is given the values of the chemically determined total protein concen- 
trations for a group of normal dogs, an average value of 0.39 is obtained for k. 
By applying this value of k to the patterns of other normal dogs, values of C are 
TABLE  2 
Elearophoretic  and Chemical Analyses 
Normal Dogs---Oxalated Plasma 
Chemical 
oooco= , oo   lec  phoretilconcentr  ions 
Dog  No.  Total  Albumin  Albumin  ] _Total  Albumin ]  a  B  ¢  V  ...........  __  protein  A  n 
[  gin.  per  gin. per  gin. per  gin. per  gin. per 
cenl  [  cen~  ¢enl  cenl  ¢enl 
5.83  ]  2.44  1.67  0.54  0.32 
5.24  ]  2.29  1.55  0.42  0.56 
gra. per 
¢~af 
0.86 
0.42 
0.86 
0.53 
0.55 
0.37 
0.36 
0.79 
n  protein  Globulin 
[  gin. per 
0.72  5.89 
0.77  5.14 
0.78  5.48 
0.98  5.50 
0.84  5.66 
0.81  5.63 
1.04  5.94 
0.61  5.96 
43-327 
43-385 
37-151 
43-225 
43-380 
43-381 
43-427 
43-374 
5.48 
5.55 
5.56 
5.86 
5.90 
5.86 
2.40 
2.74 
2.54 
2.62 
3.01 
2.23 
1.24  0.40 
1.40  0.36 
1.55  0.46 
(2.35) 
1.73  I  0.32 
1.64  0.68 
0.57 
0.52 
0.46 
0.52 
0.48 
0.52 
Globulin 
1.85 
1.96 
2.24 
2.20 
1.96 
2.4'9 
1.67 
obtained which agree within +4  to 5 per cent with the chemically determined 
protein  concentrations  (Table  2).  The  total  concentration  is  then  divided 
among  the  individual  components  according  to  the  fraction  of  the  total 
area  which  they  contribute.  This  procedure,  of  course,  assumes  the  same 
specific refractive  increment  for  all  components,  and  also  assumes  that  the 
refractive  increments  of  all  components are  constant.  The  first  of  these 
assumptions is certainly invalid  (2),  the second probably so.  The procedure 
has the definite advantage, however, of giving some measure of the extent to 
which these assumptions are not met, since lack of correspondence of electro- 
phoretic and chemical concentrations  may properly be ascribed  to failure  of 
the assumptions.  We have noted wide discrepancies in these values in certain 
abnormal  plasmas,  and  the  matter  is  at  present  being  further  investigated. L. J. ZELDIS  AND  E. L. ALLING  521 
The excellent agreement of Table 2 we believe indicates only that in normal 
dogs, the relative concentrations and the composition of the  various  electro- 
phoretic components are sufficiently constant so that the calculation does not 
reveal the errors involved in these assumptions. 
Many reasons, which need not be discussed here, suggest that the various 
peaks in the patterns of normal dog plasma represent components similar to 
those in human plasma.  Fig. 1 represents ascending and descending bound- 
aries  of normal  dog  plasma, normal human plasma, and a  mixture of equal 
parts of dog and human plasma.  Dog albumin has a slightly higher mobility 
than human albumin and in the mixture travels as a partially separated peak. 
The range of variation encountered in the plasmas of normal dogs is shown 
in Table 2.  Also shown is the lack of correspondence between the albumin and 
total globulin fractions determined by  electrophoresis and those determined 
by fractionation with 22 per cent sodium sulfate. In both instances the results 
are comparable with those reported for human plasma  (7,  19). 
Table 3  records results obtained in the analysis of  plasma  from the same 
dog in the normal state at widely separated times.  In spite of the considerable 
variation in total protein concentrations in dogs 43-374 and 43-327, the relative 
concentrations  show  some  tendency  to  vary  simultaneously.  The  data  of 
Tables 1 to 3 are of aid in interpreting the data now to be presented. 
The following tables present observations on the regeneration of the plasma 
proteins  of five dogs  subiected  to  acute  plasmapheresis  in  varying degree. 
Concentrations are expressed both as grams  per cent  (Tables 4, 5, and 6) and 
as per cent of the initial electrophoretic area (Tables 4-a, 5-a, and  6-a). 
In dog 43-225, a large animal (see Tables 4 and 4-a and experimental history), a total 
exchange of 1215 cc. of blood reduced the chemically  determined plasma protein concentra- 
tion by only 1.7 gm. per cent (compare  initial and 1 hour samples).  Because  of difficulty  due 
to clotting in the arterial cannula, the bleeding in this dog was somewhat prolonged,  requiring 
32 minutes.  It might be argued that the relatively high level of alpha globufins apparent 
32 minutes after the initiation of bleeding  suggests a rapid inflow  of this fraction into the circu- 
lation from tissue reserves.  No such rapid inflow of alpha globulins is noted in other dogs 
and no satisfactory conclusion  can be drawn on the basis of this single observation. 
Hematocrit values indicate little change in blood volume during the initial 
24 hours of regeneration, while the dog was fasted.  It may thus be calculated 
that in this period approximately 10 gin. of plasma protein was restored to the 
circulation.  A persistent relative increase in alpha globulins is apparent and 
is accompanied by a relative elevation of beta globulins.  Because of a  some- 
what slower rate of restoration of fibrinogen and gamma globulins, however, 
the  ratio  albumin/total  globulin for the electrophoretic components during 
this time  shows  little  alteration.  Hemodilution is  apparent  in  the  lowered 
total protein and hematocrit values of the 2nd day.  Throughout the next 37 
days, while the dog received the liver basal diet, total protein concentration 522  ELECTROPHORETIC  STUDIES  ON  PLASMA  PROTEIN  ~[ETABOLISM 
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FIo.  I.  Electrophoretlc patterns of normal human plasma, normal dog plasma, and of a 
mixture of dog and human plasma in veronal buffer of pH 85. 
gradually returns to the initial level, probably retarded somewhat by the large 
blood  samples  withdrawn  for  electrophoretic  and  chemical  determinations. 
Throughout the entire period of recovery, alpha and beta globulins range ahead 
of other components,  the beta fraction showinu a slight absolute elevation over L.  J.  ZELDIS  AND  :E.  L.  ALLING  523 
initial levels from  the  3rd  to  the  16th  day.  Fibrinogen values are  normal 
after the  11th day while gamma globulins and albumin return to initial con- 
centrations more slowly.  It may be noted that with the disturbance of relative 
concentrations in the early phases of regeneration, the close correspondence of 
electrophoretic and chemical total protein concentrations is lacking, while the 
return  toward normal patterns is again associated with excellent agreement. 
Of  some  practical  interest  is  the  demonstration  that  within  the  range  en- 
countered in this experiment, alterations in albumin/total globulin ratios are 
fairly well indicated by  the  chemical fractionations. 
TABLE 3 
Electrophoretic Analyses  of Successive Plasma Samples from Same  Dog in Normal State at 
Widdly Separated Intervals 
Chemical  Electrophoretic concentrations  concentrations 
Date 
Dog 43-225 
2/22 
4/29 
Dog 43-374 
4/18 
8/25 
Dog 43-327 
5/9 
10119 
Total  Albumin 
)rotein 
,m. per  gin. per  [ 
cent  cent 
5.55  2.74 
5.66  2.70 
5.86  2.23 
6.~ 
5.83 
6.33 
a  0 
ra. per  gra.  per 
~ent  cent 
1.40  0.36 
1.33  0.46 
1.64  0.68 
,b 
gin. pe~ 
cent 
0.52 
0.61 
0.52 
-r 
~m. per 
Cent 
0.53 
0.56 
0.79 
Albumin  Total 
]31"obulin  protein- 
gin, per 
cent 
0.98  5.50 
0.91  5.61 
0.611  5.96  1.67 
2.52  I  2.06  0.65 
i 
2.44  !  1.67  0.54 
2.72  I  1.66  0.58 
I 
0.72 
0.32 
0.56 
0.68 
0.86 
0.81 
Albumin 
Globulin 
2.24 
2.24 
0.61  6.46  {  1.39 
0.72  5.89  ]  -- 
0.75  6.19 I 1.64 
Experimental History--Tables  4  and  4-a. 
Dog 43-225.  An adult German Shepherd male was vaccinated 3 months before plasma. 
pheresis.  For 1 month before depletion he was fed a kennel diet to which a daily supplement 
of 100 gin. of cooked pork liver was added.  During this time rather large blood samples were 
drawn on several occasions to determine the effect of various anticoagulants on the eleetrn- 
phoretic patterns.  On the day of depletion the dog weighed 23.7 kilos, and had a blood volume 
(Evans' blue dye method) of 2140 ec.  After cannulation of the left femoral artery and vein, 
the dog was bled a total of 1215 co. with the simultaneous return of 1180 co. of red cell-Locke's 
suspension with hematocrit value of 52.7 volumes per cent.  Bleeding was hindered by some 
clotting in the arterial cannula and required a total of 32 minutes for completion.  The dog 
was in excellent condition throughout the exchange and there was no delayed shock.  The 
dog drank water freely for the first 24 hours and ate the liver basal diet well thereafter.  On 
the 38th day the weight was 24.1 kilos. 
Dog 43-355  (Tables 4  and 4-a) is of considerable interest because infection 
complicated the regeneration period.  The degree of depletion was comparable 524  ELECTROPItOP~ETIC  STUDIES  OIq  PLASMA PROTEIN METABOLISM 
with that in the preceding dog, but an extensive inflammatory process involved 
the intrahepatic biliary tree and adjacent liver parenchyma.  Initial electro- 
phoretic patterns  on this dog (Fig. 2) were  somewhat  abnormal, showing un- 
TABLE 4 
Depletion and Regeneration of Plasma Protein 
Moderate Depletion by Acute Plasmapheresis 
Dog 43-225--normal 
Electrophoretic concentrations  Chemical concentrations 
Time after 
depletion 
[nitial.. 
End .... 
lhr .... 
t4 hrs.. 
]4 hrs.. 
2 days ..... 
3 days ..... 
5 days.. 
[I days ..... 
t6 days.. 
37 days.. 
Total 
protein 
gin, per 
c6'nt 
5.74 
4.35 
4.12 
4.56 
5.11 
4.54 
4.98 
5.10 
5.22 
5.36 
5.66 
Albu- 
min 
gra. per 
Cent 
2.37 
1.68 
1.71 
1.91 
2.16 
1.77 
1.91 
1.93 
i .67 
2.15 
2.70 
! 
g~ ~  er l gr~" percent 
1.54  I 0.48 
1.48  ~ 0.34 
1.24  I 0.43 
1.40!  0.42 
1.69'0.44 
1.49  I 0.46 
1.59  I 0.48 
1.631  0.58 
1.77  0.57 
1.40  0.55 
1.33  0.46 
gin. ~$r 
cen$ 
0.58 
0.34 
0.33 
0.37 
0.34 
0.35 
0.50 
0.39 
0.68 
0.71 
0.61 
i  "7 
gin. per 
I  cent, 
I 
i 0.67 
Io.51 
0.41 
0.46 
I 0.48 
0.47 
I o.5o 
0.57 
0.53 
0.55 
i 0.56 
Albumin ] 
0.70 
0.63 
0.71 
0.72  I 
0.73 
0.64 
0.62 
0.61 
0.47 
0.67 
0.91 
Total 
protein  -- 
gin. per 
5.66 
4.10 
3.95 
4.17 
4.94 
4.24 
4.59 
4.65 
5.30 
5.36 
5.61 
Albumin  Hemato- 
Globulin  crit 
rol. per 
2.24'  46.4 
1.95  53.1 
2.21  48.8 
--  '  50.0 
1.64  50.5 
2.00  43.6 
2.18  43,0 
--  41.5 
I. 16  40.1 
1.63  39.2 
2.2446.6 
Dog 43-355--eholangifis and he ~atitis 
Initial  ....... 
End ........ 
4 hrs  ....... 
6 hrs  ....... 
24 hrs  ....... 
3 days ..... 
5 days ..... 
8 days ..... 
11 days ..... 
29 days ..... 
31 days ..... 
38 days ..... 
6.29 
5.09  I 
4.29 
4.20 
4.55 
5.27 
5.65 
6.10 
7.28 
7.92 
2.19  [ 1.33 
1.79  1.04 
1.58  1.08 
1.45  0.99 
1.62  1.33 
1.78  1.53 
1.85__  [ 1.76 
1.91  I 1.99 
1.81  1.47 
1S6  1.13 
(2.12) 
(1.67) 
(t. 24) 
(1.39) 
0.73  0.55 
0.83  0.66 
0.86  0.80 
0.92  0.83 
(3.30) 
--  [  -- 
(4.48) 
0.62  0.54 
0,59  0.54 
0.39  0.58 
0.37  0.53 
0.32  0.55 
0.37  O.53 
0.38  0.49 
-I-  0.54  0.45 
070  023 
0.55  0.29 
6.20  1.13 
4.83  1.07 
4.50  1.65 
4.61  1.76 
5.12  1.31 
5.47  1.14 
5.49  1.33 
5.72  1.36 
6.06  -- 
8.06  0.50 
8.29  -- 
8.44  }  0.40 
44.9 
36.4 
52.5 
42.5 
34.7 
27.4 
28.2 
23.2 
30.4 
39.9 
38.8 
38.6 
usually large  and  only partially separated  beta and fibrinogen peaks.  The 
significance of this abnormality was not appreciated at the time of plasmapher- 
esis.  As  in the  preceding  experiment,  alpha  globulins are restored  rapidly, 
attaining their initial concentration during the 24 hour fasting period and re- 
maining elevated  during  the  next  28  days.  Throughout  the  fasting period, 
restoration  of  albumin again  keeps  pace  with  that  of  total  globulin.  The L.  J.  ZELDIS AND E.  L.  ALLING  525 
apparent relative increase in gamma globulin in the final sample of the bleeding 
is probably due to difficulty in accurately separating the gamma and fibrinogen 
peaks in this abnormal pattern.  Beta globulin and fibrinogen peaks are poorly 
TABLE 4-a 
Depletion  and Regeneration  of Plasma Protein 
Moderate Depletion  by Acute Plasmapheresis 
Dog 43-225--normal. 
glcctrophoretic  concentrations*  Chemical  concentrstions* 
Time after 
depletion 
a  ~  Aibumi~ 
InitiM  ...... 
End ....... 
liar  ....... 
14 hrs  ...... 
24 hrs  ...... 
2 days .... 
3 days .... 
5 days .... 
11 days .... 
16 days .... 
37 days .... 
Total 
protein 
~er Cent 
10O.0 
75.9 
71.9 
79.6 
89.1 
79.0 
86.8 
88.9 
91.0 
93.5 
98.7 
Albu- 
min 
er ¢enl 
10O.0 
70.9 
72.1 
80.61 
91.1i 
74.7 I 
80.5 
81.4 
70.5 
89.9 
114.0 
~lobu- 
lin 
,er cenl 
100.0 
79.2 
71.5 
78.6 
87.5 
82.1 
91.1 
94.1 
105.2 
95.2 
87.9 
~r cent I 
lOO.Ol 
9o.21 
75.61 
85.4' 
103.0 i 
90.9 I 
96.9i 
99.41 
108.01 
85.4 
81.1 
o 
,er Cgn~ 
100.0 
70.9 
89.5 
87.5 
91.6 
95.7 
100.0 
120.9 
118.8 
114.5 
95.9 
per Cent 
100.13 
58.6 
56.9 
63.8 
58.6 
60.4 
86.~ 
67.2 
117.2 
122.3 
105.2 
To~l 
protein 
er cent  per cent 
00.0  10O.0 
76.1  72.4 
61.2  69.7 
68.7  73.5 
71.6  87.1 
70.1  74.9 
74.6  81.0 
85.1  82.1 
79.1  93.6 
82.0[  94.8 
83.6  I  99.1 
per cenl 
100.0 
69.4 
69.6 
78.5 
72.4 
80.6 
73.0 
85.0 
99.3 
Globulin 
per cent 
10O.0 
79.4 
70.4 
106.9 
80.6 
82.4 
140.0 
116.7 
98.9 
Dog 43-355--cholangitis and hepatitis 
Initial  ...... 
End ....... 
4 hrs  ...... 
6 hrs  ...... 
1 day ..... 
3 days .... 
5 days .... 
8 days .... 
11 days .... 
29 days .... 
31 days ..... 
38 days ..... 
i 100"01 100.13 
!  8o 91  81.7 
[68.2  72.1 
i  66.81  66.2 
i  72.4  74.13 
i  83  9  81.3 
89.8[  84.5 
:9701  87.1 
115.8[  82.7 
i 
126.01  80.4 
100.0  100.0 
81.11  78.1 
66.6  81.1 
67.7  74.5 
72.0{  100.13 
83.4[  115.C 
93.5  132.3 
105.11  149.7 
134.5  110.5__ 
1 .51  85.13 
100.0{  100.13 
(78.8) 
(58.5) 
(65.6) 
(60.4) 
(70.3) 
(78.3) 
(82.5) 
(155.8) 
(211.o) 
100.0 
95.1 
62.9 
59.7 
51.6 
59.7 
61.3 
87.0 
113.0 
88.6 
100.0 
77.9 
72.5 
74.4 
82.6 
88.2 
88.5  I 
92.2  I 
97.8  { 
130.0 
133.8 
136.0  I 
00.0 
76.0 
85.0 
89.4 
88.1 
88.5 
95.1 
00.0 
81.8 
72.6 
100.0 
80.0 
58.5 
57.4 
76.3 
88.0 
81.1 
83.1 
184.3 
207.0 
* Expressed as per cent of the initial value. 
separated  in most of the patterns  of this experiment  (Fig.  2)  and cannot be 
measured  separately.  The  combined  concentration of  beta  globulin and  fi- 
brinogen is abnormally high  throughout  the  experiment  (compare  Table  2), 
although  their rate  of regeneration during the first  11  days relative to initial 
levels lags behind both  albumin and  total  globulin.  The  total protein  con- 
centration returns to normal during these 11 days.  On the 29th and 38th days 526  ELECTROPHORETIC  STUDIES ON  PLASMA  PROTEIN  METABOLISM 
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Fro.  2.  Electrophoretic  patterns  during  recovery from  acute  plasma  protein  depletion 
complicated by acute and chronic cholangitis and hepatitis. L.  J.  ZELDIS AND E.  L.  ALLING  527 
beta globulin and fibrinogen constitute 45.4 per cent and 56.6 per cent of the 
total electrophoretic area (Fig. 2).  A chemical fibrinogen determination on the 
29th day amounted to 1.040 gm. per cent, indicating on calculation that ap- 
proximately 68 per cent of this peak is composed of beta globulin.  Associated 
with  this  abnormally  high  beta  globulin-fibrinogen  peak  is  a  persistent  re- 
duction in albumin levels.  A  considerable discrepancy between chemical and 
electrophoretic concentrations is again noted. 
Experimerdal History---Tables 4  and 4-a. 
Dog 43-355.  An adult male mongrel Spitz weighed 11.6 kilos and appeared healthy after 
2 weeks on a liver-supplemented kennel diet.  The dog was bled 830 cc. from the left femoral 
artery with return of 810 cc. of red cell-Locke's suspension with hematocrit  of 53.6 volumes 
per cent (estimated blood volume 1100 cc.).  Bleeding time was 7 minutes and bleeding was 
discontinued when the pulse became somewhat thready.  The dog went into mild shock and 
vomited once but drank water freely and appeared well after 2 hours.  Beginning on the 2rid 
day the liver basal diet was fed and consumed completely.  The dog continued  to appear 
well but, with developing abnormalities in the electrophoretic pattern, was sacrificed on the 
38th day.  Autopsy revealed a diffuse, acute, and chronic cholangitis and periportal hepatitis 
which in areas had a granulomatous character.  Small loci of hronchopneumonia were also 
present.  • Blood volume on the day of autopsy was 1060 cc. (Evans' blue dye). 
The data  of Tables  5  and 5-a represent  experiments  in which more severe 
depletion  of plasma  protein  was accomplished by acute plasmapheresis.  In 
dogs 43-374 and 43-380 (Fig. 3), approximately 50 per cent reduction in plasma 
proteins resulted from large exchanges.  With these marked disturbances there 
is again associated failure of the empirical relationship between electrophoretic 
and chemical concentrations.  In both dogs a  rapid restoration  of alpha and 
beta globulins is noted, both in the fasting period and on the liver basal diet. 
The tendency of tissue reserves to maintain a constant electrophoretic albumin/ 
total globulin ratio  is again apparent,  although some drop occurs within  the 
first 24 hours in dog 43-380.  The failing ratio in the later stages of recovery, 
and the failure of albumin to regain initial levels in 21 and 28 days in spite of 
normal total protein concentration in 6 to 9 days is striking.  Fibrinogen levels 
show marked  lability  not noted  in dog 43-225. 
Experimental History---Tables 5 and 5-a. 
Dog 43-374.  An adult male mongrel terrier was vaccinated 6 weeks before depletion and 
weighed 14.3 kilos after 2 weeks on a liver-supplemented kennel diet.  Blood volume (Evans' 
blue dye) on the day of plasmapheresis was 1360 cc.  The left femoral artery was cannulated 
and 1410 cc. of blood removed while 1390 cc. of red cell-Locke's suspension with hematocrit 
value of 54.6 volumes per cent was run into the cannulated femoral vein.  The dog went into 
mild shock at the end of the bleeding time of 10 minutes, but appeared normal in 2 hours.  At 
24 hours the liver basal diet was started and was completely eaten throughout the experiment. 
On the 4th day a small fluctuant area was noted at the site of previous vaccination in the left 528  ELECTROPHORETIC  STUDI~S  ON  PLASMA  PROTEIN  METABOLISM 
flank.  On the 6th day this area was drained of a small amount of serous fluid from which no 
bacterial growth could be obtained.  The area healed rapidly, the dog remained well, and on 
the 21st day weighed 14.7 kilos. 
TABLE  5 
Depletion and Regeneration of Plasma Protein 
Severe Depletion by Acute Plasmapheresis 
Dog 43-374---normal 
Time after 
depletion 
initial.. .... 
End ....... 
"t5 rain.. '. i . 
2 hrs  .... .. 
24 hrs  ...... 
2 days .... 
4 days .... 
6 days .... 
11 days ....... 
21 days..:: 
Electrophoretic concentrations  Chemical concentrations 
4 
a  Total  ]  Albu- 
proteinl  mm  ' 
gin. per I gin. per 
¢~I.I  I  Gon,  t  I 
5.86  1 2.23 
3.32  1 1.26  i 
3.58  I  1.27  ! 
3,921  1.47] 
4.50  I 1.69 
5.31  } '1.86 
5.89  I 1.87 
6..46  I 1.89. 
6,45  1 1.99 
Total 
protein 
gin. per 
cent 
gm. pe 
cent 
1.64 
1.08 
1.22 
1.45 
1,44 
1.71 
,1.83 
,2.4 ! 
2.34 
0 
grit.  per  gin.  pet 
cent  [  cent 
0.681  0.52 
0.26  0.36 
0.26  0.42 
0.27  0.31 
0.50  0.39 
0;53  0.59 
0.73  0,78 
0.63:0.87 
0.47  o.55 
gin.  pe~ 
¢en~  ] 
0.79  0.61 
0.36  0.61 
0.42  0.55 
0.42  0.60 
0.48  0.60 
0.62  0.54 
0.68  0.47 
0.66  0.41 
1.10  0.45 
Dog 43-380--normal 
5.96  I 
3.20  I 
3.49 
3.55  [ 
4.43 
5.05 
5.76 
6.45 
6.43 
Album! 
Olobul! 
1.67 
1.83 
2.42 
2.14 
1.69 
1.19 
1.34 
1.42 
Hemato- 
crit 
vol. per 
cent 
41.1 
54.1 
55.6 
48.5 
35.8 
32.4 
40.6 
35.9 
34,4 
39.1 
Initial ...... 
,5rain ..... 
'2~hrs; ..... 
4his. ..... 
2¢ ~rs.: ..... 
~2 days.  .. 
,4,days. 
days. 
i5 days. 
21 days. 
28 days• 
5.56 
2.89 
3.05 
3.80 
4.27 
5.56 
•.  5.57 
..  5.89 
...  5.77 
...  5.53 
•.  5.66 
2.54 
1.24 
1.57 
1.70 
1.71 
1.75 
1.45 
1.89  I 
1.97 
2.13 
2.17 
1.55  0.46 • 
1.06  0.17  I 
0.76  0.23] 
1.27  0.25 I 
1.27  t 0.54  ] 
0.58 
2.10  l  1.93  1.02 
1.96  0.88 
1.85  I 0.75 
1.7o  0.60  I 
1.84  0,56  I 
0.46 
0.31 
0,23[ 
0.33  I 
0.54 
0.97 
0.83  I 
0.73 
O.73 
0.58 
0.60 
0.55  0.84 
0.20  0.71 
0.26  1.06 
0.25  0.81 
0.21  0.67 
O. 16  0.46 
0.34  0.35 
0.43  0.47  ! 
0.47  0.52  I 
0.52  0.63 
0.49  I  0.62 
5.66 
3.02 
3.48 
3.58 
4.00 
4.96 
5.41 
5.05 
5.88 
5.65 
5.65 
5.78 
2.20 
1.99 
2.08 
2.11 
2.25 
1.45 
1.16 
1.21 
1.24 
1.40 
1.58 
1.48 
41.5 
62.6 
53.8 
54.3 
47.5 
39.1 
32.1 
29.9 
29.6 
34.1 
39.7 
36.0 
Experimental History--Tables  5  and 5-a. 
]Dog 43-380.  An adult male Shepherd was vaccinated 3  months before plasmapheresis. 
On fhe day of depletion weight was 12.7 kilos and the  estimated blood volume was 1200 cc. 
The dog was bled 1500 cc. with return of 1500 cc. of red cell-Locke's suspension with hematocrit 
of 56.4 volumes per cent.  Bleeding time was 9 minutes and the dog was in good condition 
throughout the exchange.  Water was well taken for 24 hours and thereafter the liver basal 
diet was completely consumed each day.  Slight edema developed in the operated leg on the 
2nd day.  It gradually  subsided by the 6th day.  Except for some obvious discomfort in 
this leg, the dog appeared well throughout the experiment. L.  J.  ZELDIS AND E.  L.  ALLING  529 
In dog 43-404  (Fig. 4,  Tables 6  and 6a)  the postdepletion period was com- 
plicated by a hemolytic reaction (see experimental history).  Some retardation 
of beta  globulin restoration  is apparent  on  the  4th  day,  but  alpha  globulins 
TABLE 5-a 
Depletion and Regeneration of Plasma Protein 
Severe Depletion by Acute Plasmapheresis 
Dog 43-374----normal 
Electrophoreti¢concentrations*  Chemical concentrations* 
Time  after 
depletion 
Initial ...... 
End ....... 
15 rain ..... 
2 hrs ...... 
24 hrs ...... 
2 days.. 
4 days. 
6 days. 
11 days.. 
21 days .... 
Total 
,rotein 
~er ~Tt~l[ 
100.0 
56.6 
61.1 
66.9 
76.7 
90.6 
100.0 
110.1 
110.1 
Albu- 
min 
per cent 
IO0.C 
56.5 
56.5 
66.( 
75.~ 
83.4 
83.5 
84.8 
89.4 
U,  lob- 
ulin 
~r cent 
100.0 
56.8 
63.9 
76.5 
77.4 
95.1 
111.3 
126.4 
123.7 
a 
__  m 
potent 
100.C 
59.4 
67.£ 
79.~ 
79.1 
94.C 
100.~ 
132£ 
129.5 
0 
ccnl 
100.0 
52.0 
52.0 
54.0 
100.2 
106.6 
146.9 
126.5 
94.0 
~er ¢tnt 
100.13 
69.2 
80.~ 
59.~ 
75.C 
113.1 
150.5 
167.C 
106.3 
'7 
per  ¢~ent 
100.0 
45.6 
53.1 
53.1 
60.8 
78.5 
86.0 
83.6 
139.3 
Total  Albumlr  protein 
per cent  per c~g 
100.0  100.0 
53.6  55.8 
58.6 
59.5  67.3 
74.4  81.0 
84.7  85.1 
96.6  84.0 
108.1  99.0 
107.8  101.1 
Globulin 
per cent 
100.0 
50.6 
46.6 
63.2 
84.4 
117.9 
123.8 
119.3 
Dog 43-380--normal 
Initial ...... 
5 rain ..... 
2 hrs ...... 
4 hrs ...... 
24 hrs ...... 
2 days... 
4 days... 
6 days... 
9 days... 
16 days... 
21 days... 
28 days... 
100.0 
53.6 
54.8 
68.4 
76.8 
100.0 
100.1 
106.4 
104.7 
99.5 
102.3 
100.13 
48.9 
61.8 
67.C 
67.4 
68;9 
57.1 
74.5 
77.6 
83.8 
85.5 
100.01  100.13 
57.61  68.4 
49.01  49.13 
69.61  82.C 
84.81  82.13 
126.51  136.7 
136.71  125.4 
132.11  126.2 
126.41  119.5 
113.61  110.7 
115.91  119.4 
100.0  100.C 
37.0  67.4 
50.01  50.13 
54.4  71.7 
117.2  117.2 
126.0  210.8 
221.9  180.3 
191.1  158.7 
162.91  158.7 
130.3  126.0 
121.8  130.3 
100.0 
36.4 
47.3 
45.5 
38.2 
39.1 
61.8 
78.2 
85.5 
94.5 
89.0 
100.0 
53.4 
61.5 
63.3 
70.7 
87.5 
95.5 
89.1 
103.8 
99.7 
99.7 
102.0 
100.0 
51.6 
60.4 
62.5 
71.2 
75.6 
74.9 
71.2 
83.5 
84.8 
89.0 
88.7 
100.0 
57.1 
63.9 
65.0 
69.5 
114.4 
141.2 
128.8 
148.6 
132.8 
123.7 
131.7 
* Expressed as per cent of the initial value. 
again attain normal levels within 24 hours and  remain considerably elevated 
thereafter.  The hemolytic reaction occurred on the 2nd day, but no marked 
effect on the electrophoretic pattern is seen until after the 4th day, when the 
gamma  globulin  peak  is  elevated.  Albumin  levels remain  low even  on  the 
41st day after depletion. 
Expoimen!al History--Tables 6 and 6-a. 
Dog 43-404.  An adult male mongrel terrier was vaccinated  2 months before plasmaphere- 
sis.  The dog weighed 5.7 kilos on the day of bleeding and the blood volume by Evans' blue 530  ELECTROPHOP~ETIC  STUDIES  ON  PLASMA  PROTEIN  M~TABOLIS~ 
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dye method was 620 cc.  The dog was bled 1080 cc. from the left femoral artery while 1050 cc. 
of red cell-Locke's suspension with hematocrit of 51.2  volumes per cent was introduced into 
the femoral vein.  Mild shock developed at the end of the bleeding and was accompanied by 
diarrhea.  At the end of 4 hours the dog appeared stronger and was drinking water freely. 
At 24 hours the liver basal diet was started and was completely consumed throughout the 
period of regeneration.  On the 2nd day, because of a somewhat low hematocrit, the dog was 
given 110 cc. of red cells in Locke's solution by vein.  No untoward reaction was noted during 
the injection or on the next 2 days.  On the 3rd day following the injection, however, the 
urine became dark and the plasma icterus index rose to 15.  Two days later there was  slight 
icterus of the sclerae and mucous membranes and the hematocrit fell to  14.6  volumes per 
TABLE  6 
Depletion and Regeneration of Plasma Protein 
Regeneration Complicated by Hemolytic Reaction 
Dog 43-44M---hemolytic  reaction 
Time after 
depletion 
Initial ....... 
5 min  ...... 
2 hrs  ....... 
6 hrs  ....... 
24 hrs  ....... 
2 days ..... 
4 days ..... 
9 days ..... 
16 days ....  i 
21 days ..... 
41 days ..... 
Electrophoretlc  concentrations 
a 
gin. pe~ 
cent 
0.97 
0.50 
O. 82 
0.80 
1.06 
1.31 
1.59 
1.91 
1.52 
1.46 
1.09 
Total  Albu-  ~  4,  3' 
protei~  min 
gm. pe~  ,re. per  ,  gin. per  gin, per  gin. per 
cent  cent  cent  cent  cent 
5.20  2.31  0.74  ] 0.76  ] 0.42 
1.89  0.77  "  (0.47)  0.14 
2.86  1.28  (0.59)  0.17 
2.99  1.43  0.27  I 0.30  0.19 
3.48  1.30  0.40  I 0.58  0.14 
3.90  1.25  0.47  0.71  0.16 
4,56  1.32  0.64  0.70  0.31 
6.22  1.62  ]  1.0!  1.14  0.54 
5.80  1.78  [  0.78  0.75  0.97 
5.45  1.80  0.70  0.83  0.66 
5.13  2.03  0.86  0.60  0.54 
I 
Albumin [  Total 
Globulin  protein 
0.80  5.22 
0.69  1.76 
0.81  ]  2.54 
0.92  I  2.77 
0.60  [  3.34 
0.47  4.24 
0.41  4.79 
0.35  6.21 
0.44  5.76 
0.49  [  5.30 
,  O.66  [  5.58 
Chemical concentrations 
Albumin  Hemato- 
_  Globulin  crit 
~oI. per 
cent 
1.551  35.3 
1.32!  56.6 
1.95  I  51.0 
'  2.15  '  47.5 
1.35  29.6 
1.361  38.5 
1.08  34.8 
0.85  14.6 
0.81  27.1 
1.05;  34.9 
1.12  40.5 
cent.  The chemically determined fibrinogen level on the 9th day was 0.936 gin.  per  cent 
(electrophoretic concentration 1.14 gin. per cent).  The dog was active, however,  ate  well, 
and did not appear ill.  Icterus cleared rapidly, the hematocrit rose steadily, and the further 
course was uneventful.  On the 41st day following acute depletion the dog weighed 5.9 kilos. 
The values presented  in Tables 4,  5,  and 6  represent consecutive analyses 
during continuous experiments in a  few dogs.  In such experiments we place 
emphasis  upon  the  general  trends  apparent  in  successive  determinations. 
Single unsupported observations do not receive a place in the conclusions drawn 
here. 
DISCUSSION 
While  many  aspects  of  plasma  protein  metabolism  have  been  extensively 
studied in the dog, electrophoretic studies of dog plasma proteins have not been L.  J.  ZELDIS  AND  E.  L.  ALLING  533 
reported.  In spite of the rather poor separation of the beta, fibrinogen, and 
gamma peaks, and minor differences in regard to alpha globulins, the essential 
similarity of the patterns of dog and human plasma in veronal buffer at pH 8.5 
is apparent in Fig. 1.  Patterns of normal dogs and successive analyses in the 
same dog (Tables  2 and 3) indicate a range of variation no greater than that 
reported for human plasmas  (7,  24).  Suitably designed  experiments  in the 
dog may thus prove applicable to problems of general interest in plasma protein 
metabolism and may be of aid in studying some of the interesting pathological 
TABLE  6-a 
Depletion and Regeneration of Plasma Protein 
Regeneration Complicated by Hemolytic Reaction 
Dog 43-404~hemolytic reaction 
Time after 
depletion 
Initial ...... 
5min ..... 
2 hrs  ...... 
6  hrs  ...... 
24 hrs  ...... 
2  days .... 
4  days .... 
9  days ..... 
16 days ..... 
21 days ..... 
41 days ..... 
Electrophoretic concentrations* 
Total  Albu- 
[  protein  rain 
~er cent  ~er cent 
100.0  100.0 
36.4  33.3 
55.0  55.4 
57.5  61.9~ 
66.9  56.2 
75.0  54.1 
87.7  57.1 
120,0  70.1 
112.4  77.2 
105.7  77.9 
98.6  87.9 
Globu- 
lin 
per cent 
100.0 
38.4 
54.7 
54.0 
75.5 
91.7 
112.2 
159.6 
139.3 
126.8 
107.1 
per ccni 
100.0 
51.6 
84,5 
82.4 
109.2 
135.3 
164.2 
197.4 
157.1 
151.5 
112.3 
a 
per cent  per cent 
100.0  100.0 
(31.4) 
(39.3) 
36.5  39.5 
54.1  76.4 
63.5  93.5 
86.5  94.6 
137.7  150.7 
105.3  98.1 
94.6  109.9 
116.9  79.0 
per cent 
100.0 
33.3 
40.5 
45.3 
33.3 
38.1 
73.8 
129.4 
231.7 
157.4 
129.8 
Chemicalconcentratlons* 
Total  Albumin  GlobuliJ  protein 
per cent  per cent  per cent 
t00.0  I00.0  100.0 
33.7  31.6  37.1 
48.6  53.0  41.9 
53.0  59.6  42.9 
64.0  60.6  69.3 
81.1  77.0  87.8 
91.6  78.5  112.4 
119.2  90.0  164.8 
110.7  79.5  152.3 
102.3  85.8  126.4 
107.9  93.0  128.3 
* Expressed as per cent of the initial value. 
alterations already described in the electrophoresis  of human plasma proteins 
(10,  11,  18,  20). 
Constant plasma  protein  concentration in  the  normal  animal reflects  a 
steady state between tissue proteins on the one hand and plasma proteins on the 
other (12, 23, 35).  In plasmapheresis  experiments we disturb the steady state 
and observe  the process  of its restoration toward normal.  Changes in con- 
centration  may be produced by alteration either in the rate at which protein 
enters or leaves the circulation or by changes in plasma volume.  In the present 
experiments  we are concerned less with changes in total protein concentration 
than with differences  in  concentration of the various electrophoretic  constit- 
uents.  Alterations in plasma volume do not directly affect such concentration 
differences, but the rate at which the various fractions leave the plasma has an 
important bearing.  It may be pointed out, therefore,  that the rates at which 534  ELECTROPHORETIC  STUDIES  ON  PLASMA  PROTEIN  ~IETABOLISM 
original concentrations of plasma protein fractions are restored  in these rapid 
depletion experiments  do not indicate directly rates of synthesis from dietary 
protein or from tissue reserves of protein or protein-building  materials.  Rapid 
turnover of a given component may mask a rapid rate of production.  Limited 
data are available,  however, to indicate that rates of turnover are not widely 
different  for various plasma proteins.  Whipple and Madden (35) have pointed 
out that the maintenance of nitrogen balance by the intravenous administration 
of homologous plasma in the protein-fasting dog is not  accompanied  by any 
significant alteration in albumin-globulin ratio as determined by Howe's method 
of fractionation.  This suggests that both plasma albumin and total globulin 
are used freely, and in proportion to their concentrations,  in the satisfaction of 
cellular protein requirements.  Fink et al. (9) have calculated that the rate of 
loss from the serum of labeled antibody in rabbits (13, 29, 30) is similar to that 
which they have reported for the labeled proteins of whole plasma in  the dog. 
These data suggest that in the experiments reported here the observed differ- 
ences in the rates of reappearance  or restoration of the various fractions may be 
related to differences in the rates of synthesis of these components. 
During the fasting periods there is clear indication that tissue reserves support 
the regeneration  of all plasma protein constituents  which can be identified  by 
electrophoresis.  The rapid rates of restoration of alpha and beta globulins 
are of considerable interest, since little is known of the physiological  activity 
of these globulins, in contrast to fibrinogen and gamma globulins.  We have 
evidence, to be the subject of a later report, that the divergence of electrophoretic 
and chemical  concentrations  previously referred  to is due at least in part to the 
lipid materials associated  with these proteins.  Of some interest in this con- 
nection is the disappearance  of the beta anomaly in the descending patterns of 
the dogs in the immediate postbleeding  period  (Figs. 3 and 4).  The r61e of 
these globulins in the transport of lipid materials may be of considerable im- 
portance in the nutritive functions of the plasma.  Such proteins may reason- 
ably be suspected of possessing distinctive properties in regard to their activity 
in the lipoprotein  complex of cell boundaries.  There is no clear evidence that 
these rapidly restored  components  are marshalled  from a reserve store of pre- 
formed plasma protein,  since in no case does the rate of restoration appear rapid 
enough to exclude the possibility  of extensive  synthetic processes concerned 
with the modification of intracellular protein.  In unpublished experiments in 
this laboratory such synthetic processes have been  shown by heavy isotope 
labeling to produce much plasma protein from dietary protein within 24 hours. 
We are interested in the suggestion from the data of Tables 4-a, 5-a, and 6-a 
that in the acutely depleted dog a  more rapid restoration of albumin levels 
occurs from tissue reserves  than from dietary protein but these data, partic- 
ularly in regard to total turnover of the individual fractions, are too meager to L.  J.  ZELDIS  AND  .E.L.  ALLING  535 
justify lengthy  consideration  of this  point.  More prolonged fasting periods 
may be expected to give additional information concerning  the potentialities of 
tissue reserves.  It will suffice to point out that in dogs 43-225, 43-374, and 43- 
380 albumin levels remain below the initial values for 2 to 3 weeks after the 
initial total protein concentrations have been regained.  The level of protein 
feeding in these experiments  (2 gin. per kilo of body weight) is not, however, 
sufficient to support the maximum production of new plasma protein of which 
the dog is capable.  Moreover, the samples of blood taken for analysis were 
probably large enough to lengthen the period of complete recovery from the 
acute depletion. 
The effect of the cholangitis and hepatitis occurring  in dog 43-355 requires 
comment.  There  is definite  indication  of a  retarded  rate  of restoration  of 
albumin associated with these abnormalities of the liver.  Under the conditions 
of stress obtaining in these experiments such retardation may reflect a diversion 
of potential albumin precursors into the production of the abnormally large 
concentrations of beta globulin and fibrinogen.  In the first few days of the 
postdepletion period in this dog, however, the relative rates of restoration of 
beta globulin and fibrinogen  were not very rapid, and the large peak shown in 
the lowermost pattern of Fig. 2 required 38 days for its development.  We do 
not know whether this peak represents normal or abnormal protein, or whether 
the accumulation of these components in the plasma is caused by an increased 
production or a decrease in the rate of their removal from the plasma. 
SUMMARY 
Electrophoretic patterns of normal dog plasma in veronal buffer at pH 8.5 
are shown to be essentially similar to patterns of human plasma.  Dog albumin 
has a higher mobility than human albumin and in a mixture of dog and human 
plasmas migrates as a partially separated peak.  Normal dog plasma frequently 
shows four alpha globulin peaks. 
Rates of restoration of plasma protein components in dogs subjected to acute 
plasmapheresis  have  been  studied  by electrophoresis.  During  the  first  24 
hours following such acute depletion, appreciable quantifies of all electrophoretic 
components of the plasma proteins enter the circulating blood stream even when 
food is not given and has not been given for 12 hours before plasmapheresis. 
In such fasting periods albumin and  total  globulin appear in approximately 
the  proportions  present in  normal  plasma.  Alpha  and  beta globulins  con- 
tinue relatively elevated during subsequent days in which caloric and protein 
intakes are adequate for weight and nitrogen  gains.  Initial albumin levels, 
however, are regained  more slowly than  those of total globulin. 
The relative proportions of the electrophoretic components of plasma pro- 536  ELECTROPHORETIC  STUDIES  ON  PLASMA  PROTEIN  METABOLISM 
teins may be disturbed from normal following a  single acute depletion for as 
long as 2 to 3 weeks after  the total protein level has returned to normal. 
Abnormally high beta  globulin and fibrinogen, but  a  low  albumin,  were 
found in a  dog with an acute and chronic cholangitis and hepatitis.  Similar 
elevation of gamma globulin was noted in a dog in which a hemolytic reaction 
occurred. 
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